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Abstract 
With increased demand for water resources as a result of settlement patterns, communities, 
particularly in drier climatic regions, are now looking to fractured rock aquifers as primary 
sources of potable water for domestic, agricultural and industrial use. To enable sustainable 
management of this resource, knowledge of dominant hydrogeological processes is vital. In 
this study, the author investigated how overburden soil, fractured hornblende-biotite-gneiss 
and geological fault affect recharge and groundwater flow processes using stable isotopes 
(δ18O and δD), geochemistry and hydraulic tests. A total of 99 samples were collected for 
stable isotopic and geochemical analyses in both dry and rainy seasons. Pumping tests were 
conducted on four wells juxtaposed across Ntcheu Fault. 
 Stable isotopic and geochemical data suggested that a leaky interface between thin 
overburden soils of up to 30 mm and fractured Hornblende-biotite-gneiss rock formation 
enabled rapid preferential recharge processes into the Mg-Ca-HCO3 dominated aquifers. 
All water samples in the study area registered total dissolved solids (TDS) of not more than 
500 mg/L implying that they have a short residence time with little time for intense 
hydrochemical processes. The seasonal decrease in TDS concentrations in shallow waters 
in rainy season is as a result of contact or mixing with rainwater suggesting that shallow 
waters could be directly recharged from rainfall. Additionally, groundwater samples also 
showed a significant concentration of NO3
-
 ions (10 to 100 mg/L) which is indicative that 
groundwater in this catchment is very young in age.  
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 The δ18O and δD showed that groundwater and surface water plot close to both 
Local Meteoric Water Line (LMWL) and Global Meteoric Water Line (GMWL) indicating 
a relatively constant isotopic composition and a well mixed system. It also mirrors the 
average isotope composition of rainwater (-6.1‰). This further reveals that water in this 
study area is of meteoric origin and that modern rainfall is the dominant component of 
these waters. In addition, this suggested a rapid infiltration process that seemed to preserve 
precipitation isotopic signatures in these fractured hornblende-biotite-gneiss rock 
formations.  
 Shallow groundwater and a few deep groundwater samples in both dry and rainy 
seasons fell below both LMWL and GMWL, indicating that they could have been subjected 
to evaporation before or during infiltration process.  The δ18O and deuterium excess values 
showed an inverse relationship further suggesting that evaporation could be the main cause 
of isotopic enrichment in the study area. In addition, the slope of the regression lines of 
δ18O and δD values for these shallow groundwater samples was lower (6.3) than that of 
LMWL (7.6) further indicating that isotopic fractionation during rainwater evaporation 
could be the main cause of the enrichment.  
 Spring water, some deeper groundwater (DGW) in the valley section and shallow 
groundwater away from the ridge, show more depleted stable isotopic values in dry season 
and plots slightly away from LMWL and GMWL. This is indicative that these waters were 
recharged under climatic conditions different from the rest of the samples. Their depleted 
values suggest that their recharge might have happened under lower air temperatures or 
probably from big rainfall events recharged at a higher altitude. Deuterium excess values 
for these samples are also different from sampled rainfall. These depleted samples that plot 
away from LMWL and GMWL are very similar to precipitation samples collected in 
February, 1974 about 650 km away at Harare Global Network of Isotopes in Precipitation 
(GNIP) in Zimbabwe. Ndola GNIP data which was used to construct LMWL has missing 
data in this period. Since Malawi, Zambia and Zimbabwe share similar rainfall systems, 
there is a high chance that these isotopically depleted waters were recharged from this 
period.  
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 An isotopic gradient of -0.36 ‰ per 100 m increase in elevation was deduced from 
proxies for precipitation in the study area. Three recharge zones corresponding to three 
water groups identified according to their average total dissolved solids concentrations 
were revealed against recharge water line.  Deep groundwater in the valley section seems to 
be recharged from a regional recharge zone that lies between 1317 and 1513 meters above 
sea level (masl). River water seems to be recharged from intermediate recharge zone lying 
between 1094 and 1317 masl. Deep groundwater along Ntcheu geological fault seems to be 
recharged from local recharge zone lying between 954 and 1094 masl. All these recharge 
zones are characterized by fractured Hornblende-biotite-gneiss formations with very thin 
overburden soils (up to 30 mm).  
 Hydraulic gradients and derivatives of drawdown data in wells juxtaposed across 
Ntcheu Fault coupled with similarities in stable isotopic and geochemical compositions 
strongly suggest permeability across the geological fault. Lithological data from a borehole 
drilled in the fault itself at Wanyemba Village (BP4) also shows permeable geological 
formation across the fault.  
 From the foregoing, isotopic, geochemical and hydraulic test data have strongly 
suggested that the interface between thin overburden soils and fractures aid rapid localized 
groundwater recharge and flow systems in Upper Rivirivi Catchment. Meanwhile, Ntcheu 
Fault acts as a conduit for lateral groundwater flow in the NW-SE and SSW-NNE 
directions. This approach and subsequent interpretations may be replicated in similar 
geological settings elsewhere. Since the nature and type of the geological formation enables 
rapid recharge and flow processes, it leaves the catchment susceptible to inter-annual 
climatic variabilities and anthropogenic contamination. Informed catchment management 
decisions are thus critical for sustainable management of this resource.  
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